We analyze the effects of electrode size on performance of arrays of semiconductor gamma-ray detectors, especially when there is significant charge trapping. With large electrodes, motions of holes and electrons are of equal importance, but when the positive electrode is segmented into an array of small elements the contributions of holes to the output, and hence the effects of hole trapping, are much less significant. The implications of this analysis for the design of practical detector arrays are discussed, and some preliminary experimental verification of the theory is presented. [18].
plications because of their good energy resolution and the ability to fabricate compact arrays with very small elements. In imaging applications, the detector elements are referred to as picture elements or pixels. One important gamma-ray imaging application for which semiconductor arrays are currently receiving considerable attention is single-photon emission computed tomography (SPECT), a nuclear-medicine technique where a three-dimensional map of the concentration of a radiotracer is formed. It has recently been demonstrated that reduction in pixel size allows important improvements in sensitivity and spatial resolution of the final image in this application [1] .
Various semiconductor materials have been used in gamma-ray detector arrays. Silicon and germanium have excellent energy resolution and charge-transport properties, but low atomic number, so they do not effectively absorb high-energy gamma rays. Because of its small band gap, germanium must be operated at cryogenic temperature. Recent research has concentrated on materials with high atomic number and large band gaps; examples include mercuric iodide (Hg12) [2] , cadmium telluride (CdTe) [3] , and cadmium-zinc telluride (Cdt, Zn, Te, x = 0.04 -0.2) [4] . Though [22] . The results include current wave forms and total induced charge as a function of electron and hole mobilities and trapping lifetimes, depth of interaction of the gamma ray, and size of the pixel. From these results, expected pulse-height spectra can be computed. Figure 1 shows calculated integrated-current wave forms for two different pixel sizes and three depths of interaction. With large pixels and no trapping, the currents are constant until the carriers have drifted completely across the slab. This numerical result, which is in complete accord with the standard conservation-of-energy argument, provides another cross-check on the Green's function method.
For small electrodes, the standard method does not work, and our approach gives new results. If the pixel size is e X e, a drifting electron does not make much contribution to the current through a particular pixel until it comes within a distance g = e of that pixel. As a result, the current wave form shows a sharp peak near the end of the drift. If there is no trapping, the total induced charge Q", (the integral under the current wave form) is just e per electron-hole pair as expected, providing yet another check on the theory.
If there is trapping, striking differences between large and small pixels emerge. Figure 2 
